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比间歇发酵提高了231.40%； 大细胞密度为7.67 g/L，是间歇发酵3.44倍。 
2. 高效分泌表达β-1,3-1,4-葡聚糖酶重组大肠杆菌的构建 
将热稳定性较好的杂合β-1,3-1,4-葡聚糖酶表达基因（bgl）插入质粒








组E. coli BL21(DE3)-pET-22-bgl-(kil-Km)产酶的优化培养基配方为 (g/L)：酪蛋白
胨33.39，乳糖 8.03，甘油 9.15，NaCl 10.0， KH2PO4 2.31，K2HPO4 12.54。利
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4. 重组酶的分离纯化和酶学性质表征 
利用 Ni2+与 6×His 标签特异性结合的性质利用亲和层析纯化重组酶，该方法
将目的蛋白纯化了 7.69 倍，纯化后重组酶的活力为 1706.2 U/mL，比活 11261.6 
U/mg，酶活回收率达到 86.44%。通过 SDS-PAGE 分析，可知带有 6 个 His 标签
的β-葡聚糖酶分子量为 26 kDa 左右。重组β-1, 3-1, 4-葡聚糖酶的酶学性质为：
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Abstract 
 
β-1,3-1,4-glucanase is a very important industrial enzyme, whose major application is 
to eliminate the negative effect of β-glucan on brewing and feed industry. In the 
domestic market so far, the production of β-1, 3-1, 4-glucanase by screened natural 
strains can not meet the growing industrial need for this enzyme due to low enzyme 
activity, poor stability and less investigation on this enzyme. Progress in molecular 
biology and genetic engineering allows recombinant proteins such as enzymes to be 
produced in bacteria, i.e., E. coli and other microorganisms in large-scale. Thus this 
study mainly focused on the construction and use of recombinant E. coli strains to 
enhance the extracellular production and quality of the enzyme. For this purpose, 
different cultivation technologies were used to improve the extracellular production of 
β-1,3-1,4-glucanase by recombinant E. coli for sustainable industrial application. The 
main research work includes:  
1. Fed-batch cultivation of recombinant E. coli JM109-pLF3 for the extracellular 
production of β-1,3-1,4-glucanase 
The fed-batch fermentation was carried out in a 7 L conventional bioreactor based on 
the optimized medium as well as optimized cultivation conditions. The results 
indicated that feeding two-fold concentrated nitrogen source of the optimized medium 
during the cultivation period of 12-32 h could significantly enhance the biomass and 
enzyme activity. The highest enzyme activity and biomass reached up to 1680 U/mL 
and 7.67 g/L, which was 2.31 and 2.44 folds higher than those obtained in the batch 
fermentation at the same cultivation conditions, respectively.  
2. Construction of recombinant E. coli for high level secreted expression of 
β-1,3-1,4-glucanase  
The thermo-stable hybrid bgl gene encoding β-1,3-1,4-glucanase and kil-Km 
secretion cassette were inserted into the plasmid pET-22b(+), yielding 
pET-22-bgl-(kil-Km), a new β-1,3-1,4-glucanase expression plasmid. The 















 - 4 -  
respectively. The IPTG induction could not enhance the enzyme production. The 
ability of pET-22-bgl-(kil-Km) to express extracellular target protein with high level 
was proved by SDS-PAGE. 
3. Optimization of medium components by Response Surface Methodology for high 
level enzyme production 
Started with the TB medium, through one-factor-at-a-time experiments, lactose and 
casein peptone were found to be the most suitable carbon and nitrogen sources, for 
enzyme production by recombinant E. coli BL21(DE3)(pET-22-bgl-(kil-Km), 
respectively. The statistical analyses of the effect of the carbon and nitrogen source as 
well as C:N ratio in the medium on enzyme production, by employing RSM and the 
Box-Behnken design indicated that the optimized medium should contain (g/L): 
casein 33.39，lactose 8.03，glycerol 9.15，NaCl 10.0, KH2PO4 2.31 and K2HPO4 12.54. 
By shake flask cultivation of the recombinant cells on the optimized medium at a 
temperature of 37℃ and a rotation speed of 150 rpm, the enzyme activity of 1242.94 
U/mL was achieved after 32.5 h of incubation, which was approximately 3.3 times 
higher than that obtained on the TB medium at the same conditions. 
4. Purification of the recombinant enzyme and characterization of enzyme properties 
Affinity chromatography was applied to purify the recombinant protein with 6×his 
tags specific covalent with Ni2+ column. The recovery rate was 86.44%. The 
molecular weight of the target enzyme with 6×his tag was about 26 kDa, in consistent 
with SDS-PAGE result. The enzyme activity and specific enzyme activity reached 
1706.2 U/mL and 11261.6 U/mg with a separation factor of 7.69 after purification, 
respectively. The optimum temperature and pH for enzyme activity was 50℃ and 6.0 
-7.0. The enzyme was more stable under base conditions.  
 
Key words: E. coli; Hybrid gene; β-1,3-1,4-Glucanase; Fed-batch fermentation; 
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工业的年产值超过 1.6 万亿美元，中国的化学工业的年产值大约为 0.96 万亿元左











展 有希望的技术”(Organization for Economic Cooperation and Development, 
1998)。 
工业生物技术的核心是生物催化。生物催化剂 (通常为酶和微生物) 与普通
化学催化剂 (通常为强酸和强碱等) 相比，具有以下特点： (1) 催化效率的高效
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